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Amendments to the Specification: 

1) page 1, first paragraph, please replace this paragraph with 
the following amended text: 

The invention relates to the fabrication of integrated 
circuit devices, and more particularly, to a method for 
determining dielectric film properties. The method of the 
invention uses computer modeling of dielectric film properties 
whereby chemical bonding 'measurements are the input data that 
[[is]] are provided to the computer model. 

2) page 4, last paragraph, page 5, first paragraph, please 
replace this paragraph with the following amended text: 

Dielectric materials are frequently used for the creation 
of conductive interconnect lines, via or contact openings. In 
the formation of semiconductor integrated circuits, it is common 
practice to form interconnect metal line structures on a number 
of different levels within the structure and interconnecting the 
various levels of wiring with contact or via openings. 
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The first or lowest level of interconnect wires is 
typically formed in a layer of dielectric as a first step in the 
process after which a second or overlying level of interconnect 
wires is created in an overlying layer of dielectric over the 
first level. 

The first level of interconnect wires is typically in 
contact with active regions in a semiconductor substrate but is 
not limited to such contact. The first level of interconnect can 
for instance also be in contact with a conductor that leads to 
other devices that form part of a larger, multi-chip structure. 

The two levels of metal wires are connected by openings 
between the two laycrg levels, these openings [[that]] are 
created in [[the]] layers of surrounding dielectric and [[that]] 
are filled with metal where the openings botwoon the two layers 
arc linoo up with and match align with contact points in one or 
both of the levels of metal lines. 

3) page 6, last paragraph, page 7, page 8, first paragraph, 
please replace this paragraph with the following amended text: 
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This process of line formation in overlying layers [ [on] ] 
of metal can be repeated in essentially the same manner as 
[[just]] highlighted above for the first layer of 
interconnecting wires. 

This process of forming sequential layers of 
interconnecting levels of wire is in many instances prone to 
problems and limitations. Copper has in recent times found more 
application in the use of metal wires due to its low 
resistivity, high electromigration resistance and stress voiding 
resistance . 

Copper however exhibits the disadvantage of high 
diffusivity in common insulating materials such as silicon 
dioxide and oxygen-containing polymers. This leads to, for 
instance, the diffusion of copper into polyimide during high 
temperature processing of the polyimide resulting in severe 
erosion of the copper and the polyimide due to the copper 
combining with oxygen in the polyimide. The erosion may result 
in loss of adhesion, delamination, voids, and ultimately a 
catastrophic failure of the component. 
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The copper that is used in an interconnect may diffuse into 
the silicon dioxide layer_^ causing the dielectric strength to 
become conductive and also decreasing the dielectric strength of 
the silicon dioxide layer. 

A copper diffusion barrier is therefore often required; 
silicon nitride is often applied as a diffusion barrier to 
copper. Silicon nitride however has a dielectric constant that 
is high compared [[to]] with silicon dioxide^ thereby limiting 
the use of silicon nitride in encapsulating copper interconnect 
lines . 

To further enhance the adhesion of a copper interconnect 
line to [[the]] a surrounding layer of dielectric or insulation, 
a seed layer is deposited over the barrier layer. A seed layer 
can be deposited using a sputter chamber or an Ion Metal Plasma 
(IMP) chamber at a temperature of between about 0 and 300 
degrees [[C.]] C and a pressure of between about 1 and 100 
mTorr, using copper or a copper alloy as the source at a flow 
rate of between about 10 and 400 seem and using argon as an 
ambient gas. The minimum thiclcness of a seed layer is typically 
about 50 Angstrom, this thiclcness is required to achieve a 
reliable gap fill. 
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4) page 8, second paragraph, page 9, page 10, first paragraph, 
please remove the following text: 

Scaling dcvicoG to Gmallcr dimcnGiono can lead to q 
multitude of undcGirablc cffcctG. One of thcGC cffcctG is the 
incrcasG in the capacitivo coupling bctvjccn conductorG in the 
circuit . — Therefore, — it bccomcG impractical to reduce the RC time 
conGtant and croGG tal]c between metal lincG within today' g 
multi - level metallization GyGtcm. 

The capacitance bctv^/cGn conductorG Ig highly dependent on 
the inGulator or dielectric UGod to Gcparatc the lincG, 
Conventional Gomiconductor fabrication commonly cmployG Gilicon 
dioxide aG a dielectric that haG a dielectric conGtant of about 
3.9. The lov^/CGt poGGible, — or ideal, — dielectric conGtant iG 1.0, 
vjhich iG the dielectric conGtant of a vacuum. 

For a given interconnect layout, both power conGumption and 
croGGtalk decrcaGe, — and performance increaGCG, — ao the dielectric 
conGtant of the inGulator dccrcaGCG. — It haG been found that 
UGing the Game dielectric, — Gcaling down from 0.50 um. — to 0.25 
um. will rcGult in a 30% incroaGO in pov^cr conGumption. ThiG 
power conGumption can be docrcaGcd by more than 50% if SiO a-^re 
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rcplQCod by oxide. Thig change io important for high frequency 
operation because power consumption incrcaoeo proportionally 
with frequency. 

Additionally, — the croGStallc increaGOO more than 50^ when 
scaling down from 0.50 um. — to 0.25 um. primarily due to the 
increase in line - to - linc capacitance. — The increase in the ration 
crosstallc/Vcc degrades the noise margin and circuit performance. 
Replacing SiO^ with air v;ill significantly reduce crosstalk 
because of the small dielectric constant of air, which is 
generally less than 1.001. 

In the field of high density interconnect technology, many 
integrated circuit chips are physically and electrically 
connected to a single substrate commonly referred to as a multi - 
chip module — (MCM) . — To achieve a high wiring and packing density, 
it is necessary to fabricate a multilayer structure on the 
substrate to connect integrated circuits to one another. 
Typically, — metal power and ground planes in the substrate are 
separated by layers of a dielectric such as a polyimide. 
Embedded in other dielectric layers are metal conductor lines 
within the range of about 8 to 25p wide) — with vias — (holes) 
providing electrical connections between signal lines or to the 
metal power and ground planes. Adjacent layers arc ordinarily 
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formed go that the primary signal propagation dircctiono arc 
orthogonal to each other. Since the conductor foaturcg arc 
typically narrow in width and thick in a vertical direction — fifi 
the range of 5 to 10 microns thick) — and must be patterned vjith 
microlithography, — it is important to produce patterned layers 
that are substantially flat and smooth — (i>e. planar) — to serve as 
the base for the next layer. 

5) page 18, first paragraph, please replace this paragraph with 
the following amended text: 

Fig. 2 shows a set of graphic presentations of the effects 
of CVD chemical bonding on the flat band voltage Vfb of various 
dielectric materials. The values and materials that are plotted 
along the X axis of Fig. 2 are identical to those of Fig. 1, the 
Y axis of Fig. 2 represents the flat band voltage Vfb of the 
dielectric . 

Observations can be made relative to the graphs that are 
shown in Fig. 2 that are similar to the previously made 
observations with respect to Fig. 1. It is of interest to note 
that, for most of the dielectric materials that are represented 
in Figs. 1 and 2, the slopes of the curves of Fig. 1 and Fig. 2 
for a given material [[is]] are the same. This means that a 
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dielectric material that shows for instance an increase in the 
value of k with chemical bonding intensity [ [ue] ] shows a 
corresponding increase in the value of Vfb- This is however not 
universally true, a fact that will become apparent by comparing 
sections c, h and j of Fig. 1 with like-named sections in Fig. 
2. Where, This comparison shows that, for instance, in section c 
of Fig. 1, the k value increases with increased chemical 
bonding, while the Vfb value ( as shown in Fig. 2 , section c ) 
incrcQGCG decreases . The same is true for scctiono graphic 
presentations h and j, [[ (]] representing different dielectric 
materials [[)] ]^ h and j of respectively Figs. 1 and 2 . 

6) page 20, second paragraph, please replace this paragraph with 
the following amended text: 

Fig. 5 shows the effects of chemical bonding on the 
dielectric constant k of carbon doped SiOa dielectric material. 

Fig. 5 shows, similar to Fig. 1, a set of graphic 
presentations of the effects of CVD chemical bonding on the 
dielectric constant k of various carbon doped SiOa dielectric 
materials . 



9 



Appl. No : 09/624,023 

Amdt. dated : 06/11/04 

Reply to Office Action of 03/11/04 

The horizontal or X axis of the graph that is shown in Fig, 
5 is subdivided [[in]] into various carbon doped Si02 dielectric 
materials, where for each of these materials is shown the effect 
that modified chemical bonding has on the dielectric constant. 

The vertical or Y axis of the graph represents the 
dielectric constant Ic of the various carbon doped SiOa 
dielectric materials. The chemical bonding for each carbon doped 
Si02 material is measure by FTIR. The list of materials and 
wavenumbers is as follows: 
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